The genetic analysis on dwarfness of 14 accessions of wild oats, Avena fatua was carried out. They are ecotypes adapted to the man-made habitats of barley and wheat fields as a weed in East Asia. The crosses between the dwarf accessions and the cultivated oats `Kanota' were made to obtain the F1 and F2 hybrids.
INTRODUCTION
Dwarf plant height allows plant breeders to increase yield of many crops. Breeders are utilizing semidwarf or dwarf germplasm to reduce lodging and to increase yield in oats. Currently, gene sources of dwarfness are quite restricted. I am looking for the new gene resources for utilizing practical plant breeding. I have selected 14 dwarf wild oats (Avena fatua) in barley and wheat fields from East Asia, which is thought to be one of the secondary gene centers of the genus Avena, and a lot of useful genes are found in the area.
The nature of inheritance of dwarfness is not fully understood in many of the dwarf or semidwarf lines used in breeding programs.
Especially, in the materials from wild species, the number of genes involved and their inter-and intra-allelic relationships are not known at all. Knowledge on their interaction effects, and on other characters may allow a more rational choice of suitable genes among different dwarf sources.
The aim of this study is to determine the genetic mechanism including the number of genes controlling dwarfness found in different sources.
MATERIALS AND METHODS
The 14 dwarf accessions of Avena fatua were collected and supplied by Yamaguchi (Yamaguchi and Nakao, 1975; Yamaguchi, 1976) . All the accessions were inhabited in the barley or wheat fields as a weed, and seemed to be adapted to the artificial habitats of East Asia. Their morphologies are quite different from the tall plants. The collection sites of these accessions are shown in Table 1 . Most of materials used came from the southern part of Japan or Korea. Many of them were found localized in small fields, or along roadsides, and were often isolated in small islands.
The height of mature plant was measured to the nearest centimeter from the base of the tallest culm to the top of the panicle excluding awns.
Height classes were established at 10 cm intervals. F3 progeny-distribution and G-test (Sokal and Rohlf, 1981) were used to verify the F2 classification.
In order to examine the mode of inheritance of dwarfness, A. byzantina cv. `Kanota' was used as the tall female parent in all the crosses . Fl hybrids were produced between 14 dwarf accessions and `Kanota' oats, and the segregation on dwarfness was examined in their F2 populations. According to the frequency distribution of different plant height classes, the mode of inheritance of dwarfness was determined.
The dominant genes for dwarfness thus found were transferred from their carriers into the cultivated oats `Kanota' by means of successive backcrosses. 
Morphological Characteristics
The means and standard deviations for plant height, panicle length and internode length of the 14 dwarf accessions are shown in Table 2 . The plant height ranged from 58.9 cm to 99.8 cm. The first internode length was comparatively uniform but the second internode length was quite variable, ranging from 3.2 cm to 26.9 cm. Generally speaking, a dwarf oat plant is defined by its height shorter than 90 cm with extremely short second internode. Brown et al. (1980) reported that the reduced height of semidwarf oats 0T207 (A. sativa) was also due to the reduction in the stem length below the panicle.
The panicle length was relatively uniform, being almost equal to that of `Kanota' oats in all the accessions except No. 342. The panicles of No. 342 were very compact, the culms were heavier than those of `Kanota', and the spikelets lacked one plume. tinuous, fitting to a 3 long: 1 short ratio. This result indicates that a major recessive gene is responsible for reducing the first internode length in No. 288, which has no great effect on plant height.
Genetic segregation for dwarfness
Five types of the F2 distribution were obtained from the crosses between `Kanota' and the 14 dwarf accessions (Fig , 1) . The segregation for dwarfness in the F2 generation of the crosses `Kanota' XA. fatua accessions is shown in `Trelle Dwarf (C. I. 3634) was first reported by Derick (1930) , has compact panicle, that was found in a field of `Victory' oats by Herman Trelle. Its culms are heavier than that of normal oats and the spikelets lack one glume. `Denton Dwarf (C. I. 3635) is found in the F6 generation of the cross `Nortex' X `Victoria' (Atkins and Dunkle, 1938) . `Scotland Club Dwarf (C. I. 7318) is also a short type with stiff straw and a dense panicle. It does not segregate normal offspring when crossed to each or when crossed to `Milford' (C. I. 7320) (Patterson et al., 1963) . All the compact dwarf oats in crosses with normal oats gave a 1:2:1 F2 ratio of normals: intermediates : dwarfs, indicating the presence of a single incompletely dominant factor for their dwarfness.
Among the F2 families of the cross `Kanota' X No. 342 showed unusual segregation for plant height. Although no further analysis on this phenomenon was carried out, meiotic irregularities similar to those reported in `Denton Dwarf (Peier et al., 1964 ) might be involved.
Expression of dwarf gene
At this moment the number of dwarf genes involved in these new dwraf resources is not known. So, it is important to study the expression of the effects of the dwarf genes with special reference to plant height, panicle length and internode length in the F2 populations, `Kanota' X the dwarf accessions. The results are shown in Table 4 . Depending on the dominance and the number of the genes, the dwarf accessions were divided into 5 types except No. 342. In the two-gene dwarf types (No. 50 and 286), the panicle length increased by 3.3-9.1% that of the tall type. Their plant height was relatively shorter among other dwarf types. In the one-dominant-gene types, the plant height reduced nearly to half of the tall types. The same was true of all their internode lengths. The F2 dwarf of No. 206 had relatively shorter panicles (21% decrease). The onerecessive-gene types exerted the same magnitude of the influence on plant height as the one-dominant-gene types. However, both the second and third internode lengths reduced extremely. The first internode length of No. 153 and No. 812 showed the least decrease rates among all the other dwarf types. It was impossible to distinguish the No. 288 dwarf type in the F2 population, because it showed a continuous frequency distribution on plant height.
I selected 16 semidwarf F2 plants, ranging from 70 to 90 cm in plant height to estimate the gene expression of the dwarf genes of No. 288 (Fig. 1) . Their first internode was as short as that of the other types, but the second one was almost normal in length. Moreover, there was about 19.7% increase in the third internode length over the tall type.
As shown in Table 3 , the dwarfnesses for 14 accessions are controlled by different genic systems, i. e., 7 possessed a single dominant gene, 3 a single recessive gene, and 1 a single incompletely dominant gene. Two showed digenic inheritance, and 1 polygenic inheritance.
However, their allelic relationship is not known yet, except for 3 recessive genes. Complementation test was carried out to determine their allelism (Table 5) Pelton (1964) , a recessive dwarf gene is much more common in all taxa than dominant one. However, the reports of dominant dwarf were quite a few in oats (Simons et al., 1978) . Stanton (1923) reported that dwarfness observed in the progeny of two oat crosses was due to a dominant gene.
Wild oats in Korea and Japan contain many dominant dwarf genes. Vavilov (1926) postulated that dominant alleles were to be found in the center of origin of a crop plant and recessive alleles toward the periphery.
This has since been questioned, but if it were valid for oats, Korea and Japan would be the secondary gene centers of wild oats. The distribution of wild oats, Avena fatua is widespread in the Temperate Zone from Europe through Nepal-Himalaya and China to Korea and Japan. The regions where the 14 dwarf accessions were collected are the east edge of their geographical distribution.
The dwarf genes analyzed here are divided into 6 sorts of groups. The small area encircled with southern Korea, the Cheju Island and northern Kyushu includes all sorts of the dwarf genes showing the accumulation of genetic diversity (Fig. 2) . This accumulation might be attributed to the selective forces acting on weed races of oats in wheat or barley fields. The dwarf wild oats were often isolated in the small islands, and were adapted to the wheat or barley fields which were subjected to a strong wind. Moreover, there were careful farming practices in the regions where dwarf cultivars were grown. Vavilov (1926) defined secondary crops as those that began as weeds of primary crops and generally became cultivated at a much later stage, adjusting to the growth of the primary crops and mimicking them in a number of physiological and morphological characters through the effect of unconscious artificial selection. The present study gives an example of associated weeds becomi;lg to adjust to the primary crops.
Dwarf wild oats are very important not only because of their theoretical interest, but also because they act as reservoirs of variability, representing rapidly evolving races that are able to exchange genes with the cultivated oats. 
